A. Poblaguev

Hydrogen Jet Polarimeter (HJET)
in RHIC Run 17

1. Systematic errors in the beam absolute polarization
measurements.
2. Longitudinal Polarization Profile ?
3. Physics at HIET
* Precise measurement of single spin Ay (t) and double
spin Ayy (t) analyzing powers in elastic pp scattering
at+/s = 21.2 GeV.
* Experimental evaluation of analyzing power in
inelastic scattering prT - X+p
* Measurement of analyzing power of polarized proton
scattering on Gold (p;qp = 27.2 GeV)
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Polarized Atomic Hydrogen
Gas Jet Target (HJET) %

The HIJET polarimeter was commissioned in 2004.

It was designed to measure absolute polarization of
24-250 GeV/c proton beams with systematic errors
better than AP/P < 0.05

The atomic hydrogen polarization in the Jet is 95.7%
Jet intensity 12.6 x 101 atoms/sec

Jet density 1.2 x 10'% atoms/cm?

The Jet polarization is flipped every 10 min.
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HJET detector configuration

— =0.7cm (FWHM) <> - Both RHIC beams (Blue and Yellow) are
T ] M- L=77 cm )
T o measured simultaneously
I ‘ Lorentz invariant momentum transfer :
M. _ 2 _
M 1] £ t = (pr— D) = —2m,Ty
m m T ©
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7—2 | |Jet Target ™
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For elastic scattering:
Zdet — Zjet _ K4/ Ty o = \/ Tr Epeam + mzzy/Mbeam » mm

tan Oy =

L L

In a Si strip

o -1
(22 Te) = £ = o)

where f(z) is jet density profile and Tstrip is kinetic corresponding to the strip position.




DAQ

The HDAQ DAQ is based on VME 12 bit 250 MHz FADC250 (Jlab)
Full waveform (80 samples) was recorded for every signal above threshold (~0.5 MeV).

® 4000 ] o
S [ p= 37 Vtm=t; + Nty  Signal parametrization:
Sl A=2921.0 1
£3000F . _ S0 . t—t;
L= o i — — .\ N
< [a= 402 1 W@ =p+A@—1t)" exp
2000 %= 3.79 ] Tg
1000~ t; } o, - measured waveform
3 ] fit function W(t)
0 0 40 80 80 continuation of the fit function

Sample Number
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00 s “aiy, - Elastic events

T L

* For every event, recoil proton kinetic energy
Tr(A), time t,,, , and waveform shape
parameters n and 7, are measured.

* For polarization measurement elastic events
have to be isolated.
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Separation of the stopped and punched through protons

Waveform shape parameter

A

J

L 1I0 L
E,, [MeV]

Amplitude Correction to measured time
D L T T T T T T | 'a' F T T T T T T T T T T T T — ; T
3 | 1 & tfort, =ty+nti 1 £ F
g 150} It " ok /@
< I N 5l i i
100 . I 1 1 11
sof - L
: . I
% 5 o 0 5 o 0 5
E., [MeV] E., [MeV]
_ AI dat inclualli_ng promp_t even.t_s1 _ 10° Protons with energy above 7.8 MeV punch
EC 14 b g i . through the Si detector. Only part of protons
~ e [ kinetic energy is deposited.
< —= 10°
1.2 ]
B 102 To separate stopped and punched through
1 s protons, a conversion function
.0 — T ’ ( An /n(a)) > Tg
i 10 was simulated and adjusted using alpha-
0.8 o calibration data. n(® is parameter n
Al T e measured in alpha-calibration.
0 50 100 150 200 i
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Time corrections were also applied.
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Event Selection Cuts.

1. Recoil proton kinetic energy Tp.
The possible range (0.5 + 11 MeV) is limited by the detector
geometry and the trigger threshold )
2. “Recoil mass cut”: 8t = t,, — t,(A)
ty (A) is expected proton time for measured amplitude A. It depends
gain, dead-layer and time offset which are determined in calibrations.
The 6t distribution is defined by the beam bunch longitudinal profile.
3. “Missing mass cut”: 6\/T_R = \/T_R — Tserip

Tstrip is the energy corresponding to the strip center. It is determined

in the geometry alignment. The §,/Tg distribution is defined by the 2?
jet density profile. i

Hjet Chan 5 (Si6) 1YU.07 |

'..'I SRR 1

Time [WFD units]
[&5]
o

Lt e."'l'il:'! i
300
Amplitude [WFD units]

i
200

" Ch!90 (Si91) OBD.07

Events / bin

|
J

N

N

d -1 a2y o ? ;u‘\)‘[m‘f;g"t‘]
For elastic scattering, the (—a,/T ) ——— = distribution . o e
_ g . & . dét ds\Tr W mimf ' Ch.6(Si7) IYU.0B]
is the same for all Si strips. S -

Two sets of cuts used in Run 2017 analysis !

. ™
Minimum statistical error cuts Minimum systematic error cuts R S R 50
0.6 <Tpr <10 MeV 3.2<Tpr <7.6MeV VEi, MeV'?)
—7< 6t<7 ns —7< 6t <7 ns
—0.4 < 6,/Tp < 0.4 MeV'/2 —0.18 < 6,/T < 0.3 MeV'/2
7
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Background subtraction

Superposition of the dN /d./Tg
for all Si strips.

[ Legend
10-—

* Elastic pp
* Inelastic pp
* Background

Si sy number

L L s é "
VT_R [MeV]HZ

* The background subtraction is based on Detector 0. T» = 1.8 MeV1/2
assumption that for background the D e e B

dN/d\/T_R is the same for all Si strips.

* In the data analysis, the background is
determined/subtracted independently for
every detector and every combination of
beam/jet spins. 10°

10°

0 5 10
Si strip number
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Spin Correlated Asymmetries in elastic p'p' scattering

d?o 1 do | |
dt d(p = 27-[ dt [1 + (Pjet + Pbeam)AN Sln(p + Pjetpbeam(ANN Sln2 (p +%S’ COSZ (p)]

N =7
Y

In HIET singp = +1 and cos¢@ = 0.

The measured single spin correlated asymmetry is
used to determine beam polarization:

_Ne—Ng _ Nz — N/

a= = = AyP
Ny+Ny Ny+n]
Single spln analyzing !:)ower Ay is well zflppr.ommated by tnc | pp (255 GeV)
theoretically known interference of spin-flip = i p =-0.012 _
electromagnetic and spin-non-flip nuclear amplitudes £ 0.04r B =120 GeV?]
(Coulomb-Nuclear Interference): Ttor= 39-2 Mb
t -
Ay(@) = AN () x as (1 + s t—) 0.021-
C -
as —1 = 0 and S5 = 0 are corrections due to hadronic
spin-flip amplitude and t, = —8ma /oyt Y
0 2 4 6 8 10

Recoil Proton Energy [MeV]

A normalized asymmetry:  a,,(t) = a(t) /AN (t) = Pas(1 + Bs t/t,)
is a very convenient parameterization because it linearly depends on £ with the same slope £ fo
beam and jet spins.
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Measurement of the Spin Correlated Asymmetries

Numbers of events for 8 different combination of beam spin (T!), jet spin (+-) , and detector
side (LR)

)(+- i
NGRT? =No(1 2 af +ab £au)(1£4)A+2,)A £6)

are, generally, functions of spin correlated asymmetries

ay = PjelAn), ay = Ppeam(An), ayy = PjetPheam{Ann),

beam and jet intensity asymmetries A4; and 4y, and left/right acceptance asymmetry €

This equations have exact solution
j \/NI"’N}{"+\/NL_N}\,+—\/N}J+N}{—\/NL_NIZ+
a =
N
bl Pl L — A

\/NL Ny +\/NL Ny +\/NL Nk +\/NL Nk
and similar for other asymmetries.
This is systematic error free solution if asymmetries 4; and 4,, and € are uncorrelated

The beam polarization Py,e,p, could be related to the know jet polarization Py = 96% :
b

ay
Ppeam = — Pjet
a

N



Overview of possible systematic errors

The first order systematic corrections may be caused by
* the discrepancy between actual and assumed (true) analyzing powers
SAy = b (Abg]r — AN), b is the background to signal ratio and Azgr is

1+b N

effective analyzing power for background.
T_

e apossible dependence d¢e = §T+; of the detector acceptance on the spin.

Generally, A, and &€ are not the same for left and right detectors.

Systematic errors: AV + 640 beg — be;
6(11\, =P 2

A% — 64 Sep + b€

61 =p—N—

* Since measured intensity asymmetry A has to be independent of the recoil
proton energy Ty, the A(Tg) dependence is a good test for systematic errors.

* There is no systematic correction to the beam polarization measurement if Aﬁ,‘qr
is the same for the beam and jet spins.



Results for minimum statistical error cuts

~0.042p . . . . -
< B _
~70.040 =
E ﬁ Qe + 4 “ ! N \ l 'Nll Lr [ E
0038__ t ||j| :. ::,' ' l -|- Il fi [I ;i!”i | EIII' tl‘ =]
N i il | ty y ]
0.036_— - + 1 ]
0.034— ) =0.03790(5) J A =0.03785(5 5]
ZX2-2741/184 o  'y*=174.8/184 1
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Analyzing powers for blue and
yellow beams are consistent
within statistical error of about
O'A/AN"’O. 1%.

Long term (1-100 days) stability
of measurements is

0,4/Ay < 0.1%.

Measured polarization is the recoil
proton energy dependent. This is
an indication of the systematic
errors in measurements

12



Optimization of the polarization measurement

Due to high stability of the jet spin asymmetry measurements, we can use the Run average
jet asymmetry in the beam polarization measurements.

Apeam Apeam
P = ——— P 1+6 =
beam (ajet) ]et( SYSt) Alevff

To find systematic correction &gy and, thus, the effective analyzing power Aﬁ,ff we can
make measurements with more tight cuts which allows us to control the systematic errors

Apeam

Ppeam = @ Pjet(l + S—s;;)

el

~

eff _ (et (@peam)

N Pjet(l + 6syst) <abeam)

Minimum statistical error cuts Minimum systematic error cuts
0.6 <Tpr <10 MeV 3.2<Tr <7.6MeV
—7< 86t<7 ns —7< 6t <7 ns
—0.4 < 6,/Tp < 0.4 MeV'/2 —0.18 < 6,/Tz < 0.3 MeV'/2
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Sources of systematic errors in HIET : Molecular Hydrogen

* In HJET the atomic hydrogen polarization of about 96% is
controlled with high accuracy ~0.1% by means of holding
ljet magnetic field and Breit-Ruby polarimeter).

H, 1077 atm

* The molecular hydrogen effectively dilute the Jet
polarization by a factor by /(1 + byy)
’«—»l 9 mm * About 10 years ago, the molecular hydrogen background
Scattering Chamber was evaluated by y~3% (with a large experimental
10-8 atm uncertainty) using quadrupole mass spectrometer.

B
30 mm eam 1. Molecular hydrogen in the Jet

Could be experimentally evaluated by turning off RF
transition : bI(V}I){ =0.03+0.03%
2. Molecular hydrogen diffused from chambers 5 and 7.
H, 3x 1077 atm Since this background has a wide (flat) z-coordinate
density profile, it is expected to have the same
dN/d\/T_R distribution for all Si strips and, thus, it may be efficiently eliminated by the
background subtraction. In-situ evaluation of the background level is ~0.55 + 0.15%

The residual level after background subtraction bl(vf,), =0.08+0.11%
for the minimum systematic error cuts.

15mm



Molecular Hydrogen from the dissociator

Fills 20697-20698 (11.5 hours) = SOOI g CheB(seIVUOT]
RF transition off. Only molecular Ej I M ’ ’ ]
hydrogen from dissociator. - N E i .
. . . : 1= 20 -
MH intensity is enhanced by a factor ] - | \ 1
f 2 20 e i i
710”"6”"15‘_‘ | "l'é -
t-t,(A) [WFD units] m [MeV'?]
c X‘103‘ T L IS, R s AU S L. x10°
Fills 20692-20695 (8.6 hours) 2 4 Ch5(5'6)'YU°7 g 45 o ‘.""C'h-S(‘SIG‘)NUibT‘;
Regular HIET run. s L ﬂ 13 5 "\ '
a o 1 E f
F )J‘ o is [ I E
T o . /A
~10 0 10 i ——— :
t-t,(A) [WFD units] m [MeV'"?]
“ Time (h) | (WCM) m- Normalized good event rate ratio
20692-20695 8.63 21.12 927.6 Blue MH 1/f
_— 0) < 0
20.94 994.8 Yellow Jet 0.6% — =0.03%
20697-20698 11.47 20.60 7.1 Blue
21.42 8.4 Yellow Effective background: 0.03 + 0.03%
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Forward beam elastic events
from forward are shadowed
by the collimators. This may
be employed for
normalization of the
molecular Hydrogen density.

Event Rate dN/d\|T,

15h

\
\
\

N
o
T

T, [MeV'?,

150

100

50

Molecular Hydrogen (2) background

Y-projection after background subtraction.
200—— —

Background for minimum systematic error cuts

pp Elastic Rate
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A 1.07 correction due to tracking in
the magnetic field is accounted.

Right side detectors
r ] 150~ T T T T T T
10~ Mean = 356k ] - (R)=0.05k 1
| RMS = 50k ] 100 ok =0.53k _
5. ] i ]
L . 507 |
i L | ” . I ” L x10° 0; — T B ]
% 200 400 600 = 0

Residual Background Rate

x10°

. . x10°
-2 0 2
Residual Background Rate

Left side detectors
[ T T T T T T T T T T T T T B
150+ —
[ (R)=044k i
r o, =027k 1
100~ =
|

0; . o 1 | IR AX103
=4 -2 0 2 4

Residual Background Rate

The bias due to shadowing

bL/bMH = 0.25
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Sources of systematic errors in HIET:

Recoil proton tracks in the magnetic field

recosl deteetor_57]| % 1'0f Igl —
P
I,UJ[L}[ L= 0.0 — =
A~ i _os5f i N ;
e % % ,15;_ o . k111488 1 a5 4 e 1 s ]
it Pabi = 620 a0 40 50 60 7080 0
pularimeter Radius [cm]
* The recoil proton track bending in the holding magnetic field
affects the background subtraction.
* Inthe worse case (T < 2 MeV) systematic error may be 200

The residual background may be simulated with accuracy
6b/byy~0.2 for left detectorsand Ty > 2 MeV

T F L B R B
For the beam polarization & [ Forward beam only
measurements only S |
forward beam Y l Right detectors +0.12
. O —

backgroun-ds are essential. - Left detectors -0.08
For analyzing power both o L.
beams are essential. 1§ 7

2

c.. o e ey T

0 2 4 6 8 10

T [MeV]
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Forward detectors

Right side

9 MeV ,#

| L 1 ] 1 1 L | 1
-20 0 20

Zi [cm]
[ T T T ]
o Both beams "~
4- g
2 T -
0: Left detectors 0.21 1
i | 'Pal?""—__g*
—2- ng tdetectors -0 97 -
0 S0
T, [MeV]
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Molecular hydrogen background corrections

Simulation: Forward beam only Both beams
T L — T [ T T T [ T T T T T T T ] T T T LA R I L R L
*  For the “forward beam only” the _QE L B _QE 6 ]
simulation accuracy is about ~0.2 — - - ‘
(correlated for left and right < | \l Right detectors +0.12 | ° 4 -
detectors) ok % — . r 1
*  Forthe “both beams” the accuracy L B Left detectors -0.08 ] 2r T ]
is about ~0.2 (left detectors) and i AL i r Left detectors -0.21 ]
~0.5 (right detectors) 108 f_ Un |
* The b, /byy = 0.25 bias in the 1Y | - ; _ E
background subtraction has to be L ,l T -2 o ‘Rl‘g‘ itd‘ef'e‘CtIOI"s‘ 097 :
. . 0 2 4 6 8 10 0 2 4 6 8 10
added to the consideration.
T, [MeV] T, [MeV]

Correction to the beam polarization measurement:

5P 0.12) + (—0.08 + 0.25
?=_( i (2 )LXbMH=(—O.08iO.11)%

Corrections to the intensity asymmetry measurement (min. systematic error cuts)

(=0.21 + 0.25), — (=0.97)4
2

6}.iet = — X bMH <a}.\$t> = (_10 + 5) X 10_5

Sabeam —
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Sources of systematic errors: p + A — X + ppg scattering

Time [WFD units]

Hjet Chan 5 (Si6) 1YU.07
L

40 :‘! o Cfﬂ J.“ o e Events kinematically
- _l Lk ﬂ . j forbidden for pp-
1§ el /0 scattering
S TRESEINAE
10 i
1) '

% 100 200 300
Amplitude [WFD units]

The Jet is contaminated by a small
amount of O, N, ... nuclei. The proton
beam scattering pA on the Jet and
beam gas nuclei manifests itself by
detection of protons and alpha-particles
from nuclei dissociation.

For the pA background we expect 6Aj,\ft =0 and 8A4%¢%™~0.02 (?)
(the latter was experimentally evaluated using “abort gap bunches”)

Since the correlation between recoil proton energy T and recoil angle 85 is strongly

smeared within HJET acceptance, the dN /d./Tr dependence for the pA protons is
expected to be the same in all Si strips. Such a background could be strongly

suppressed by the background subtraction.

SYStP /P ~ 0+ 0.2%
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Sources of systematic errors in HIET:
~ |nelastic scattering p+p—->X+p

Pbeam (Ebeam)

K/ Tg m,A
tan Oy = 1+—7—-—, A= My —m,

L TRE beam
Prec (TR)
p(255GeV) +p — X +p S 4 o ]
= i L e e = ] Minimum statistical error cut -
S 0.08- / N 2f >
S i / ~ " ]
L i T = | -.g i |
10
2 0.06 0 — —~ 1 Q * Minimum systematic ]
& | 7 = = I < error cut
c 0.04F : == 4 8 T
s Y-Var 5 - | ((}) "8
3 i z // Missing Mass MX | 2 - *%g8gge00
ot 0 02; > —— m, (elastic) ] -
3L o M : ol$P2=0.5392(17) ... (P).=.0.5445(17) |
3 i Mtraso ] (2 =16.7/23 ¥2=273123]
(n'd 0.00 L | L \ L L L 1 L ! \ L 1 L | 1 1 L | ! L L
0 1 2 3 —0.4 -0.2 0.0 0.2 0.4
i 172
Recoil proton energy T, [MeV] S\ T [MeV'?]

* For 255 GeV proton beam, a few percent of inelastic events is detected.

* To separate signal from this background the 8,/T g cut can be used.

* After applying the minimum systematic error cuts, the residual systematic correction is
SYStP/P ~ 0.15 + 0.15%

27 September 2017 CNI Polarimeter Meeting 20



O, .ise [FADC units]

Sources of systematic errors in HIET:
Noise dependence on the Jet Spin

Noise dependence on the Jet polarization state
IR I U I I I I B I

-
o

i Run 20554 001 _ HJET detectors/preamplifiers appeared
A A : to be sensitive to the Weak Field
A “M‘Aﬂ A .
I r ‘AMA‘A‘“.‘P_ Transition (WFT) 14 MHz frequency.
S A WFT On | In the Inner Blug Up detect9r (Si strips
] 36-47) the WFT induced noise was
A WEL Off about 8 keV.
0 W Potentially it may results in acceptance
i Histogralm 1? X (0I O ") - dependence on the Jet spin.

0O 10 20 30 40 50 60 70 80 90
Strip Number

Noise dependence on the Jet spin was a problem in the Run 2015.

No evidence of such a systematic corrections was found in the Run 2017 data
SYS'P/P~0+0.2%
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Polarization

Results for minimum systematic error cuts

L R L B ] Systematic correction summary é ..,
: o correcuon (00 | eor(n)
B ] Long term stability 0.1
- = Jet Polarization 0.1
: : Molecular Hydrogen (1) -0.03 0.03
B 7 Molecular Hydrogen (2) -0.08 0.11
,_ _, pA scattering <0.2
(P) =0.5507(26) (P) = 0.5574(26) | pHp>X+p -0.15 0.15
_x2 =521/43 XZ =53.3/43- Jet spin correlated noise <0.2
0.4-——— A — é — é — % — Total Systematic -0.26 < 0.37
Recoil Proton Energy [MeV]
Strong elimination of the .
systematic error sources (Pjet> = 0.957 +£ 0.001 Ocorr = (_0-3 T 0-4syst)%
resulted in a ~0.7% correction
to the §P/P. The residual P]eef{ 0.995 £ 0.004y;

systematic error of 0.4% does

not look underestimated. fF
A" = 0.03752 x (1 +0.004y5 + 0.004,,)

Effective systematic error 0.6% A" = 0.03745 x (1 £ 0.004y5 + 0.004,,)



Results for minimum systematic error cuts Il

T T T I T T T I LI

Fy2=31.0/42
0.9, = 1.0022(104)
B, = 0.0040(20)

¥2=46.4142 7
o, = 0.9951(103)]

. B, = 0.0061(20)

4 5 6 7

T [MeV]
-3

5 4)_(r1(')f T L A B B
s, % ]
2 . | I
:l | L b .? s ++" re lll“ Fy ::“ “+* s[7? :
o] X f it bl '? “.l_ PSR4 .+'. [ZTYHARYL AN &
]
-\ = 0.00040(8) (V) = 0.00057(8)
2=469/43 72=135.9/43]

4 5 6 7
T [MeV]

AUBHHI

!llflllll

T

llIl\I\ll\l\IlllI

[x2=429/42 22 =31.01 42
o, = 0.5748(103) o, = 0.5745(103)]
FB = 00051(35) . B, = 0.0085(35)1
4 5 6 7
T [MeV]
X1(')73' | R LN L R A B
: P “..+ 0+l*‘,"::[“+ ““u 0l “+ 'y :: .+ :
Ldedd 181817 tolle'%e Fnil" of :: y 1
: } * + f . + t {n n:
H(W) = 0.00026(8) (A% = 0.00007(8)
[42=435/43 y2=516/43]
4 5 6 7
T [MeV]

* The slopes f5 are consistent for all 4 measurements.
« The x? test does not indicate any significant dependence of the Apgr on Tg.
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ap©as + PApg

ARE3S 4 PApgy

(Apgr)~(=1£0.5) x 107*

(from the recoil proton
track simulation)
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Absolute Beam Polarization measurement in Run 2017

A typical result for a 8-hour store: (Pyeam) = (~56 + 2.040: £ 0. SSyst)%

0.7

0.6

Polarization

0.5

0.4

1 BB 81 et :'..N'_."}!-.IJ_'-_M =
- '"_.fiir., + R o '""" :ri ¥ 3R, B
__+1 ' :;'lt',"' + + ? +__
L LTI + E
- (P) = 0.5564(14) (P) = 0.5632(14) -
C Y2 = 792.4 / 184 | a = 769.0/184 -
20600 20800 21000
RHIC Fill Number
Statistical error summary: RHIC Fill Blue Beam Yellow Beam
20522 - 20592 52.08 + 0.41 49.57 £ 0.40
20598 - 20712 56.84 + 0.26 55.93 + 0.25
20728 - 20845 54.77 + 0.27 56.97 + 0.26
20852 - 20933 56.50 + 0.25 58.47 £+ 0.25
21145 - 21150 59.30 + 1.20 64.40 + 1.30
Run Average 55.64 + 0.14 56.32 +0.14

27 September 2017

CNI Polarimeter Meeting

24



Known Issues

1. Two ways to calculate the Run average asymmetry:
* Combine raw data (just like it was continuous measurement)
*  Measure asymmetry for each RHIC store and then calculate weighted average.

Min. syst error £
Beam AS P
il s

Total stat. Blue 3.606(5) 2.068(5) 3.351(8) 1.933(8) 3.750 55.13
average Yellow 3.601(5) 2.092(5) 3.367(8) 1.966(8) 3.747 55.83
RHIC Fill Blue 3.623(5) 2.084(5) 3.349(8) 1.937(8) 3.769 55.28
average Yellow 3.619(5) 2.109(5) 3.367(8) 1.978(8) 3.757 56.15

There are essential (compared to the declared systematic error) discrepancies. Actually this is a
mathematical problem and it has to be resolved by mathematical analysis. In a worse case, we
should add another systematic error ~0.5% (relative).
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Known Issues

2. Measured Jet spin asymmetry for the low recoil proton energies

* It looks like the subtracted background = 2
was overestimated. <
* At the moment, no good understanding N

jet
N

of the source of the problem.
* This problem must not affect the beam

a
o

32.3/36 ¥2=31.5/ 367

©
©1 T
>%\J

polarization measurement (it was o= 5 0671069) P L3500
. a_ o o g FO: = U. o = U. 4
|mpI|C|tIy included to the effective :B:= 010069(14)| | BZ = 0.0|073(14):
analyzing power) 08 2 4 6 8

T [MeV]

3. pA background.

* It was implicitly assumed that A is concentrated in the jet.

e Possible contribution of the beam gas A was not thoroughly studied.

* However, | expect that possible contribution from the beam gas A is accounted in the
upper limit to the pA background of 0.2%.



Time [WFD units]

Known issues

4. Longitudinal polarization profile
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o Ch! 90 (Si91) OBD .07
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The jet spin asymmetry does not depend on
the ét.

At the moment, no good understanding of
such a dependence for the beam spin
asymmetry.

The RHIC pCarbon measurements may shed
light on the issue,

Beam Polarization
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For the elastic pp events the 6t =

tmeas — tp(A) distribution is defined by

the beam intensity profile.

* The jet spin asymmetry must not
depend on ét.

* Such a dependence of the beam spin
asymmetry should be associated
with tee beam polarization profile.

+ +
*+fi++ .+$¢++ +

[I]IIlIIII]III]lIIII

L

T'++*:=¢¢¢¢?+'

(P) = 0.5470(16) (P) = 0.5540(16) ]
@=1422/23 y?=197.9/23"
-2 0 2

ot [WFD units]
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Abeam

Single Spin asymmetry 255 GeV (Run 2017)

To measure single spin analyzing power it is strongly preferable to use only left side detectors
because background in the right side detectors is not well controlled.

Since for left side detectors only analysis the “square root formula” does not work, we need
to know the luminosity asymmetries A with very high precision.

Luminosity asymmetries A could be found from the combined left/right measurement
corrected by evaluated background contribution A.

4X10° i 1 = Jmeas _ pA
2 | | e
SIIMIBE MRS e .. .
OFHT7-43- 1415 H-+ sti-leg -.-{.‘:tu r-‘*-h Minimum systematlc error cuts
b i (Apgr)~(=10+5) x 1073
-y = 0.00040(8) (Jy = 0.00057(8)-
“x2=469/43 22=135.9/43]
4 5 8 7
T [MeV]
4_"U LA L B BB bl _
- jetue = (30 T 8star T 5syst) x 107>
2t { . i
Fl I yellow __ -5
0- + .1+ '+|.*" qul‘L"Q: '0. 1+l“|: 1+ L 1 A]et — (47 i BStat i SSySt) x 10
KA RAICEARA R AL A SR ISR bl _
_2:_ * + i { _ )lbelallfn - (20 * 8stat * 3syst) X 10 >
i ] yellow __ -5
[0 =000026(8) (L) =0.00007()] Ao’ =( 1484 + 35ys) X 10
(x2=435/43 X F516/43]
4 5 6 7
T. [MeV]
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Single Spin asymmetry 255 GeV (Run 2017)

1.2 e 12 : .

" Left Detectors 122 Right Detectors | 1 Jet spin asymmetry
1.1~ TN N _ fitrange :

:+++ mhu& éﬁd-*—ﬂg H& + bt 1.9<Tgr<9.6MeV
1.0—.‘---1% T AT I— xS 1.0:—;?_;;“ As boot ﬂ -]

0.912 =32.3/36 ¥2=31.5/ 367 0.942=47.0/43 2 =43.8/ 367

ateam /P.AY (1

Log = 0.9871(69) o = 0.9848(68) Log = 0.9841(67) o = 0.9731(65)
[B._= 0.0069(14) B_= 0.0073(14)] [B._= 0.0069(14) B = 0.0101(14)]
08‘5"""""'5""" 0.8‘5"""""'5"""
2 4 6 8 2 4 6 8
T [MeV] T [MeV]
o7t Left Detectors 1 &= 07- Right Detectors ol [ S E TR
: J N AT 1 fitrange :
|- + L | — |- —
0.6 ‘ — O~ 06F 0.6 <Tp<9.6MeV
K o T¢+++ FE X [ +‘TH| 1 ] § C R
r S - T
0.5j T © 0.5j
[%2=45.3/43 ¥2=134.2/43] [%2=48.4/43 ¥2=73.2/43]
0.4-%5 = 0.5649(42) o; = 0.5735(40) ] 0.41% = 0.5459(40) o; = 0.5551(39) ]
LB, = 0.0081(18) B, = 0.0105(18) LB, = 0.0140(19) B, = 0.0128(17)
2 4 & 8 2 4 & 8
T [MeV] T [MeV]

* For the jet asymmetry there is uncontrollable background for Tp < 1.9 MeV.
* For the right detectors measurement there is a visible deviation from linearity.
* We will use only left detectors to measure single spin analyzing power Ay (t).
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Single Spin Analyzing Power Ay (t)

V=t [k(1—pd;) — 2(Imrs — 5cRe rs)]t—t‘-‘ — 2Rers + 2plm 15

AN (t) — %
m t t
P () —20p+80)E+1
= 005 —— R o B e N
< '& \/E = 21.2 GeV 1 E AN ]
0.04 . I ]
- : S |
0.03- ’ + — I ]
C ﬁ 42 = 137.3 /146 ;
- ! Left detectors only Rer, =-0.0066(9) N 1
i Fitrange 0.0035 < —t < 0.018 | 0007, = 00126(43) ]
0.02 0.005 0.010 0.015 ~0.008 —0.006 ~0.004
—t [(GeV/cy] Rer,
Analyzing power parameterization: Systematic COWECtiOHZC?o
_ AP AT Ap
p =—0.001, 2 10%Re 75 = —0.1 525 + 0.2 — 0.7
B =12.0(GeV /c)™7, AP, A cOrT A
— Dljet _ jet 2P
Opor = 39.24 mb 10°Almrs = +9.2 50— 1455001 + 70501
_(_ -3
For P, = 0.955+0.004 Re 75 = (—6.0 £ 0.95tar £ 0.45yse = 0.4,) X 10
Aot =(=1.0£0.5) x 10~* Im7s = (10.2 + 4355 + 4255 + 4.6,) X 1073

p = (-1.0+0.6) x 1072

(Fit result dependence on the fit range is accounted)
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Combined beam / jet analyzing power

1.9 <Tgp <9.6MeV (jet)

FitRange: (¢ 71 <9 6MeV (beam)
— 1 x107°
o i=0 (Jet Blue) ! A i
° i=1 (Jet Ye“ow) N E 25? .............................................................................................................................. —
e =2 (Beam Blue) i - C ]
e i=3 (Beam Yellow) | 20:_ _:
0'02—){2—3047/318 MM C | 1 _ z i
L Rer, =-0.0073(7 C 5 : ]
0.01_|m ,-55_ 0.0158( 35) 10_ 2_3.47/318 ................. ......................... .................... _:
" Py = 0.5493(24) ] ‘Rer, =-0. 0073(7) 3 i
" Pyear = 0.5625(23) Py, = 0.955 . C _ 1 ]
0.00- 2 ) 5 ' — 5er57001§8(35)| ST Ax07
0 10 20 30 20 N rra— e = - =
T'r+10% [MeV] Re re
Systematic corrections: Re 75 = (—6.7 + 0.75pat + 0.4¢yse + 0.4,) X 1073
AP AACOI’T A
3 _ jet i P -3
10°ARe7s = =0.1557 9150001 ~ %7 501 Imrs = ( 13.7 &+ 3.5gtar  4.35yst + 4-8p) x 10
AP A COrT A . .
3 — ez Jeb P Fit result dependence on the T is accounted
103AIm 75 = +9.1 5% = 195+ 8.05- ( p R )
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Forward Elastic Re/Im ratio p
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+ +

Il I 1 Il I 1
200 250

Ay(t) = Ay(t, p,Im 15, Re 1)

Considering p as a free parameter in the fit, we can

experimentally evaluate it value.

* For the left detectors, the fit is in a good agreement
with PDG data, which mean a good consistency
between experimental data and the theoretical
model.

* For the right detectors, there is a significant
discrepancy between HJET data and theoretical
expectations. This may be explained by incorrectly
subtracted backrounds .

Interpretation of the PDG data for elastic pp scattering:

* For every measurement, the error of the
measurement is a simple (linear) sum of the
statistical (red) and systematic (blue) errors.

* The value of p at 255 GeV was found in the linear fit
assuming that errors in all measurements are
uncorrelated.



Double Spin Asymmetry Ayy (t)

Parameterization: ¢ t k2 2tk
—2(Rer, + 8clm ry) == + 2Imr, + 2pRer, — p=== + —5-Re 135
t 2my  my
Ayn(t) = >

(%) =200 +80) ¢ +1

ayy (t) A2 (t,15) ayy(t) Molecular Hydrogen and pA background

Ay (£) = Pbeaijet beam(t) Jet(t) contributions are canceled in the aNN/aIJ\.,et ratio.
« Ap(t,15) is known sufficiently well.
* Rerg =-0.0073, Imrs = 0.0158

%107
sz [ T 3
'“:22 4 Fitrange: ] 10—
< 2 0.0013 < —t < 0.015 GeV?
% |
@®
P
< 0
I ; 1
S | - ) | 2 = 40.8 / 461
w2 =19.9/22 ¥2=19.0/22 ~xmabe /Al
N _2Rer, =-0.00260(31) Re r, = -0.00203(29) Rer;==0;00230(21]
- Imr, = -0.00053(12) Imr,=-0.00031(11)7 . 3 . Im r, =-0.00042(8)7 , s
A R S B o b 1 ¢ : T T i e IX
5 10 15 -3.0 -2.5 -2.0

_t [(GeVIc)"2] Rer,

Systematic errors are expected to Rer, = (—2.30 £ 0.21g,¢) X 1073
be smaller than statistical errors. Im7, = (—0.42 + 0.084,) ¥ 103
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Inelastic scattering p},eam + p]T'et = X + Precoil Ot 255 GeV

Kinematics: p(255 GeV) +p - X +p,_ Run2017 (255 GeV) statistics: Event Rate [Eventslbin] qgp
T T T T T T T T T —
/} é ol Inelastic ‘ 20
<"1 Detector 2 Events ‘
{ (12 Si strips) k=% ‘ —15
1 acceptance 2 b
— 4p] 10
Missing Mass MX
—— m, (elastic)
_mp+m” t 5
— M 1235
R sl Cutoff Level: 10° I
2 3 ey

Recoil proton angle tan(6y)

15 20 25 30

Recoil proton energy T, [MeV] T, [Me eV

Inelastic contribution to the measured asymmetry (Ppqm ~ 0.95, Pje, =~ 0. 55)

Beam correlated asymmetry, P,,,,~0.55 Jet correlated asymmetry, P;,=0.95
% Beam Spin Asgmmatry | S\ Jet Spin Asymmetry s recor
E T ﬁeam Spin Asymmetry - :Z 0.4 p ol y - Y] Tstrip is recoil proton energy
< 0.06- ; f } : + ] ] e T corresponding to the strip
' i + + ] = 02; $y 7 (for elastic scattering)
o 0044t 1 ' . * # T
Oozi r omi“” --------------------------------- -
' (a) = 0.02082(5) {a) = 0.02109(5) [(@)=0.03613(5) (@)= 0.03617(5)]
s 00 05 0.0
7o \Tor v [T\ V")
(Ay)~10% (Ay)~1%
T
for p, +p; > X+ p; for p, +p; = X +p;
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Inelastic scattering. A detailed analysis.

Normallzed Rate, R

Event Statistics

g 5 R = N/Np,ax, Where N is statistics in the
= histogram bin.
2
o
k= No visual evidence of At (1232) resonance in
%) the event rate distribution, but, possibly, a
strong signal in the A distributions.
&1
Cutoff Level: R=0.002 -
ARFA™(t~ — 0.003) > 15%
1.0 1.5 2.0 2.5 3.0 1 +
T MeV'?] for pp+p;—> A" +p;
Beam Spm Asymmetry AN(T o 0g) [%] Jet Spin Asymmetry Ajet( TR BR) [%]
oL "
o i
g 1() 1 c =4
- 2 i
2 2 173
+ 10 -.3 ]
7 @ 12
5 -
Ik
R>0.010- R>O 010 0
P T ST RS S B R L L L .
1.0 1.5 2.0 2.5 3.0 0 1.0 1.5 2.0 2_5 3 0
T, [MeV'?] T.[MeV'?
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RHIC Run 2017: p'p' (100 GeV), AuAu (27 GeV/n)

i F ® pp (blue beam) |

_ " ® pp (yellow beam) _

_ \M ®» pAu (blue beam) 4

—0.05+ ®  pAu (yellow beam) —
|

00005 001 0015 002
-t (GeV/cy

* Solid black line is proton-proton AN (t) for 255 GeV beam.
* Dashed black line is proton-proton A$N!(t) for 100 GeV beam
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Summary

* Long term (1-100 days) stability g,/Ay < 0.1% of the spin correlated asymmetry
measurement was observed.

* The effective systematic error in absolute polarization measurement was found to
be 0.6% = 0.45y5:% D 0.4, %.

* The measured dependence of beam polarization on the time parameter 6t may
be interpreted as observation of the longitudinal polarization profile.

e Single and double spin analyzing powers for elastic prT scattering was measured.
Hadronic spin-flip 75 and double-spin-flip , amplitudes were experimentally
evaluated.

* Analyzing power of the inelastic scattering prT — X + p have been
experimentally evaluate.

* Analyzing power of the pTAu scattering was measured.

Some issues:

* The average Jet polarization used in the analysis has to be verified.

* No satisfactory explanation of the observed beam “longitudinal polarization profile”

* No explanation of the discrepancy in the Jet spin correlated asymmetry at low recoil
proton energies.
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Intensity asymmetries A in Run2017
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Systematic error summary
(for minimum syst. error cuts)

m Correction (%) Error (%)

Long term stability 0.1
Jet Polarization 0.1
Molecular Hydrogen (1) -0.03 0.03
Molecular Hydrogen (2) -0.08 0.11
PA scattering <0.2
p+p—>X+p -0.15 0.15
Jet spin correlated noise <0.2
Total Systematic -0.26 <0.37

The atomic hydrogen polarization:

Piet = 0.957 £0.001 = Pg=0.955+0.004




Jet asym.

Beam asym.

Longitudinal Polarization Profile Il

50X10° ——] < 50X10° ——
i ) § I )
i 2015 - @ 2017
450 . - 451 ]
- - q> - -
i ) - i )
40— = 40 t ! ' £94, 0 s # —
35 - 35 -
- (a) = 0.03948(15) (a) = 0.03945(14) 1 - (a) = 0.03890(9) (a) = 0.03886(9) ]
[x*=228/23  x=142/23] Fx*=314/23 ‘ ' =17-21231
30 2 0 2 30 2 0 2
ot [WFD units] ot [WFD units]
30?“-0_3- . ———] < 30?10_3- . H—
I ] S, [ ]
X o e 1 2017 |-
25? *l ++++ + , +“+l L4 i % 25? +ti + |»+j
e s B LN
—H H BREE : AT
201 . 201 -
[ (a) = 0.02290(15) (a) = 0.02415(14) ] () = 0.02230(9) (a) = 0.02273(9) |
[2=245/23  y2=459/23- 2=1051/23  y2=1495/231
15 2 0 2 15 2 0 2
ot [WFD units] ot [WFD units]
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Beam asym.

Beam asym.

“Longitudinal Profile” evolution during the store
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Beam asym.

Beam asym.
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Polarization

Polarization

“Longitudinal Profile” evolution during first 2 hours

Polarization

1.0 SE——
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-2 0 2
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(°=455/21 | x2=42.9/211

-2 0 2
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-2 0 2
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e The distribution is almost flat in the
beginning of the store.

* The flatness degrades fast.

* The average polarization does not
change drastically.

I have no satisfactory explanation of the
issue.
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